The design, construction and performance of a remotely deployed submersible flow injection-based nutrient (total oxidized nitrogen) sensor are described. The sensor featured a custom-built microcomputer and a solid-state, flow-through spectrophotometric detector, and the derivatization chemistry was based on in-line coppercadmium reduction of nitrate to nitrite, and diazotization with N1NED and sulphanilamide. 
Introduction
Nitrate is a growth-limiting micronutrient in the euphotic surface layers of sea water, where light can penetrate, and its concentration in coastal waters is regulated by advective transport of nitrate to the surface layers and assimilation by organisms, e.g. phytoplankton. This gives rise to seasonal trends in nitrate concentrations in coastal waters. Winter cooling within the water column causes vertical mixing, thereby allowing the upwelling of nutrients to enrich the surface layers, whereas in late spring and summer, nitrate concentrations are de- pleted by increased biological activity [1] .
The level of nitrate in freshwater systems has increased significantly in the past 50 years and this is attributable to more intensive agricultural practices utilizing nitrogenous fertilisers. Riverine nitrate concentrations also follow a definite seasonal pattern that is related to the flow of the river [2, 3] . Plant [4] , whereas freezing at -20C gave more reliable results [5] . The US EPA methodology for the determination of anions in water states that unpreserved samples must be analysed within 48 h or be preserved with sulphuric acid at pH < 2 and stored for a maximum of 28 days [6] . However, a sample holding time of 28 days at low pH has been reported to convert nitrite to nitrate by microbial activity, whereas storing at a high pH had no adverse effect [7] . Therefore, field-based techniques are the most cost-effective way of continuously monitoring natural waters and eliminating any deleterious effects caused by sample preservation techniques.
Flow Injection (FI) is ideally suited to the automation of standard laboratory methods and has been successfully applied to process control [8] and environmental monitoring [9, 10] . It is now accepted by many organizations, e.g. US EPA, as a reference laboratory method for which instrumentation is readily available [11, 12] . Remotely deployed, FI-based field monitors have been developed for monitoring nitrate [13] [14] [15] [16] , phosphate [17] , ammonia [18] and aluminium [19] [22] were used. These were prepared by adding 50 
On-board computer system
The on-board control system was a development of that used in a terrestrial nutrient monitor developed at the University of Plymouth [15] . Several [27, 28] or derivatization of the nitrate ion and detection in the visible region [29] . Indirect spectrophotometric methods require initial reduction of nitrate to nitrite by homogeneous [30, 31] or heterogeneous [32] [33] [34] [35] [36] [37] [38] [39] [40] reduction methods using reduction columns of powdered or granular metals, e.g. zinc [32, 33] , amalgamated zinc [34] , cadmium [35] , amalgamated Cadmium [36, 37] [22] . 
